Absence of Poly (A) from the Infective RNA of Nodamura Virus
(Accepted 23 September I975) SUMMARY With the exception of phage Qfl, the RNAs of all the other small icosahedral RNA viruses so far examined contain a poly (A) tract. This tract has been implicated in the infectivity of poliovirus RNA. We have now shown that Nodamura virus, a divided genome virus from which infective RNA can be extracted, does not contain any poly (A) tracts. This evidence with Nodamura virus shows that poly (A) is not a necessary requirement for the infectivity of virus RNA molecules.
Polyadenylate [poly (A)] sequences have been found in messenger RNA molecules and also in several viruses in which the RNA has the same polarity as the viral messengers. Among the small RNA viruses, for example, there is now evidence for the presence of poly (A) tracts in two plant viruses, cowpea mosaic and bean pod mottle viruses (El Manna & Bruening, I973; Semancik, I974) , two enteroviruses, polio (Armstrong et al. I972; Yogo & Wimmer, I972 ) and bovine enterovirus (S. J. Martin, personal communication), two cardioviruses, Mengo (Plagemann & Miller, I972) and EMC virus (A. T. H. Burness, personal communication), a human rhinovirus (Nair & Owens, I974) and foot-and-mouth disease virus (FMDV, this communication) . In poliovirus RNA, the poly (A) has been shown to be present as a tract of 5o to 9o nucleotides located at the 3'-end and it may be coded for, since a segment of poly (U) is present at the 5'-end of the minus or complementary strand of the double-stranded replicative intermediate (Yogo, Teng & Wimmer, I974) . Spector & Baltimore (I974) have provided evidence which suggested that the poly (A) tract was essential for the infectivity of poliovirus RNA. As this was the first demonstration of a biological function for poly (A) we considered it important to establish whether the requirement of poly (A) for infectivity was a common feature of other plus strand virus RNAs. In this communication we present results obtained with Nodamura virus, a small RNA virus infecting both vertebrates and invertebrates. The genome of this virus has two outstanding characteristics. Firstly, it is present as two molecules, sedimenting at z2 S and I5 S, both of which are required for infectivity (Newman & Brown, I973) . Secondly, although the two RNAs can be extracted from the virus with SDS-phenol, only the 22 S RNA is released into the aqueous phase when phenol alone is used at pH 7"6. Raising the pH to 9 allows the release of the ~ 5 S RNA, which suggests from the data of Brawerman, Mendecki & Lee (I972) and Eaton & Faulkner (1972) that this RNA may contain a poly (A) tract. Nodamura virus thus provides a good model for the study of the role of poly (A) in the infectivity of virus RNA and for determining whether the differential extraction obtained with phenol at the two pHs indicates the presence of poly (A) tracts.
[a2P]-Nodamura virus was prepared according to the method described by Newman & Brown 0973). The FMD and polioviruses used in the comparative studies were grown in BHK 2I and HeLa cells respectively in the presence of either [3H]-adenosine and actinomycin D, purified by sucrose gradient sedimentation and precipitated with ethanol.
Each precipitate was washed with cold ethanol, dissolved in STE buffer (o'I 5 M-NaC1, o.or M-tris, I0 -3 M-EDTA, pH 7"6) and incubated with pancreatic ribonuclease 0o/zg/ml) and T 1 ribonuclease (50 units/ml) for 6o min at 37 °C. The digests were then filtered through separate columns of Sephadex G-25 (Fine Grade, 22 × I'5 cm) in o'o5 M-NH4HCOz and I ml fractions collected. The distribution of radioactivity obtained with the Nodamura virus RNA (Fig. I a) (Fig. I c) in that it showed no peak corresponding to a tract as long as 15 nucleotides, since a tract of this length was obtained from EMC virus RNA (J. F. E. Newman, unpublished observations). This value is in close agreement with that obtained by Plagemann & Miller (i97 a) for the closely related Mengo virus. Additionally, no poly (A) tracts were found when the individual 22 S and 15 S RNA species of Nodamura virus were examined by the same method. To ensure that there had been no anomalous behaviour with the Sephadex column used for the Nodamura virus RNA, a mixture of the digests of [32p]_ Nodamura virus RNA and [aH]-poliovirus type I RNA was filtered through the same column (Fig. [ d) . The distribution of the two isotopes in the eluted fractions confirms the absence of a poly (A) tract longer than about IO nucleotides in Nodamura virus RNA.
The proportion of radioactivity in the digest of the [ZH]-poliovirus type I RNA which eluted ahead of the main peak corresponded to a poly (A) tract of about 5o nucleotides. With the [32P]-poliovirus type 2 RNA, the proportion of adenylic acid in the peak which eluted ahead of the main bulk of the radioactivity was estimated by alkaline hydrolysis followed by paper electrophoresis (Davidson & Smellie, I952) . The peak contained 79 adenylic acid, this figure falling below ioo ~ presumably because of the incomplete separation from the bulk of nucleotides eluting later. A value of about 5o nucleotides was again calculated for the length of the poly (A) tract, similar to that obtained for poliovirus type I RNA. These values for the two poliovirus RNAs compare with the figures of 50 and 89 obtained by Armstrong et al. (1972) and Yogo & Wimmer (1972) (Table I) . It is interesting that not all the poliovirus RNA bound to the Sepharose poly (U), nor did the unbound fraction bind when applied to a second column, indicating that poliovirus RNA is probably heterogeneous with respect to its poly (A) content. In the experiment summarized in Table I , only 55 ~ of the bound poliovirus RNA was eluted by 9 ° ~ formamide.
These experiments provide evidence that Nodamura virus RNA does not contain any poly (A) tracts and suggest that possession of such tracts may not be a necessary requirement for the infectivity of plus strand virus RNAs. There is also evidence that the infective RNAs of the phage Qfl (Weissmann et al. 1973 ) and of tobacco mosaic virus (Semancik, 1974) do not contain poly (A) tracts. This means that there are examples of continuous and divided genome viruses, with and without poly (A) tracts in their RNAs, from which infective RNA can be extracted. It is clearly important that the role of poly (A) in infectivity should be examined with other virus RNAs, particularly as the removal of poly (A) did not abolish the infectivity of poliovirus RNA completely (Spector & Baltimore, I974 
